Analgesia and sedation are cornerstone therapies for mechanically ventilated patients. Although critical to treat pain, relieve anxiety, and facilitate ventilator synchrony, medications used to achieve analgosedation influence duration of ventilation and lengths of stay. 1 Data strongly support optimizing sedation early to improve outcome; therefore, targeting improved analgosedation in the immediate postintubation period could be a high-impact intervention. 2 Despite frequent endotracheal intubation in the ED, little data exist regarding postintubation analgosedation or sedation depth in mechanically ventilated ED patients. The available data are up to a decade old and limited by study design, as well as lacking detail on medication administration, including dose and sedation depth. [3] [4] [5] [6] No studies have examined the impact of EDbased sedation on clinically relevant outcomes.
The majority of clinical trials evaluating sedation enrolled patients after 48 hours of mechanical ventilation, leaving significant knowledge gaps regarding the impact of early sedation on clinical outcomes. 1, 7, 8 Most relevant to the ED and from the limited data that do exist, early (ie, within 48 hours of admission) deep sedation in the ICU is associated with longer mechanical ventilation duration and increased mortality. 7, 8 However, it is unknown whether sedation practices immediately following endotracheal intubation influence outcome. As a result, modern ED sedation practices are incompletely characterized, and the impact on clinical outcome is poorly understood.
This study sought to (1) characterize modern ED analgosedation practices and (2) assess the relationship between ED sedation depth and clinical outcomes, including mortality, duration of mechanical ventilation, and length of stay. We hypothesized that deeper sedation in the ED would be associated with significant differences in clinical outcomes.
Methods

Study Design, Setting, and Population
This study was a secondary analysis of a prospective observational cohort of patients with acute initiation of mechanical ventilation in the ED. It was conducted at a single tertiary academic medical center (October 2014-March 2016).
An automated electronic pager system identified consecutive mechanically ventilated patients. This system was activated in one of three ways: (1) an order for ventilator settings, (2) an order for neuromuscular blockade, or (3) documentation of an endotracheal intubation procedure. After cases were identified, data collection occurred prospectively. This approach has been used for identifying all mechanically ventilated patients in our ED for almost 5 years. 9, 10 As the original study was not specifically designed to evaluate sedation practices, additional sedation-pertinent data were obtained retrospectively from the electronic medical record.
Mechanically ventilated ED patients were assessed for inclusion. Inclusion criteria included (1) age $ 18 years and (2) mechanical ventilation through an endotracheal tube. Exclusion criteria included (1) death or discontinuation of mechanical ventilation within 24 hours, (2) chronic mechanical ventilation, (3) presence of a tracheostomy, (4) transfer to another hospital, and (5) neurologic injury or sudden cardiac arrest as the reason for initiation of mechanical ventilation. Patients were identified as having neurologic injury or cardiac arrest if they were admitted to a neurologic ICU or had a primary diagnosis of cardiac arrest as the reason for mechanical ventilation and admission; these two patient groups were excluded, as patients with neurologic injury and cardiac arrest could have depressed levels of consciousness independent of sedative and analgesic medications administered, confounding the association between documented sedation depth and clinical outcome. The Washington University institutional review board approved this study under waiver of informed consent.
Measurements
Baseline demographics, comorbid conditions, vital signs, laboratory variables, illness severity (ie, Sequential Organ Failure Assessment [SOFA]), reason for mechanical ventilation, ED length of stay, and location of intubation were collected. 11-13 ED process of care variables included IV fluid, blood products, central venous catheters, antibiotics, and vasopressor infusion.
Retrospectively, data on neuromuscular blockers and induction agents administered to facilitate endotracheal intubation and subsequent medications (analgesics, sedatives, and neuromuscular blockers) given to achieve analgosedation in the ED were collected. Agents administered for the management of analgosedation during the first 48 hours of ICU admission were also collected. In addition to those medications used in the ED, other agents commonly used in the ICU for the management of analgosedation were recorded (dexmedetomidine and antipsychotic agents [quetiapine, haloperidol]).
Sedation depth was assessed with the Richmond Agitation-Sedation Scale (RASS), ranging from -5 (unarousable) to þ4 (combative). When more than one RASS assessment per patient was documented in the ED, the median RASS value was used. Deep sedation was Some of the data and analyses described in this paper were described in an abstract presented at the annual meeting of the Society for Academic Emergency Medicine May [16] [17] [18] [19] 2017 , Orlando, FL.
defined as a median RASS of -3 to -5. 7 In patients for whom no RASS was documented in the ED, the first ICU RASS served as a surrogate for the ED RASS provided that it was measured within the first 3 hours of ICU admission. Use of an early ICU RASS score as a reliable surrogate for ED RASS is supported by previous data demonstrating that sedation depth remains relatively static during the first 24 hours of ICU admission. 7 Patients were followed until hospital discharge or death. The primary outcome was hospital mortality. Secondary outcomes included ventilator-, hospital-, and ICU-free days. Outcomes were assessed as a function of ED sedation depth, with the a priori hypothesis being that deep sedation in the ED is associated with increased mortality, longer lengths of stay, and greater ventilator duration.
Data Analysis
Descriptive statistics and frequency distributions were used to assess patient characteristics. Categorical characteristics were compared using the c 2 test. Continuous characteristics were compared using the independent samples t test or the Mann-Whitney U test. Normality of the data was assessed by inspection of histograms and examining skewness and kurtosis.
To test the relationship between ED sedation depth and survival, an explanatory logistic regression model was constructed to adjust for potentially confounding covariates. A priori baseline characteristics with known prognostic significance for the primary outcome were selected for model inclusion: age, indication for mechanical ventilation, vasopressor use, and illness severity. 14, 15 Other clinically relevant and biologically plausible variables, without missing data and statistically significant in univariate analysis at a P < .05 level, were also included in the model (malignancy and dexmedetomidine use in the ICU). The model was a backward stepwise multivariable logistic regression model that selected variables for inclusion or exclusion in a sequential fashion based on a significance level of 0.10 for entry and 0.10 for removal, with the goal of achieving parsimony. Statistical interactions were assessed. Collinearity diagnostics (eg, variance inflation factor) were assessed to test the assumption of no multicollinearity. The model used variables that were statistically independent of other variables in the model. The model's goodness of fit was assessed with the Hosmer-Lemeshow test and by examining residuals. Adjusted ORs (aORs) and corresponding 95% CIs are reported for variables in the multivariable model, adjusted for all variables in the model. All tests were two-tailed, and a P value < .05 was considered statistically significant.
To further examine the association between ED sedation depth and outcome, multiple a priori subgroup analyses were conducted. To better control for the influence of the indication for mechanical ventilation, patients with trauma and medical indications for mechanical ventilation were examined separately. Furthermore, in patients not receiving analgosedation in the ED, it is possible that sedation was withheld for clinically indicated reasons (ie, mental status). To control for potential confounding by indication, a subgroup analysis excluding patients that did not receive any sedation in the ED was performed. Three post hoc analyses were also conducted. Since ED sedation depth could be influenced by medications received prior to ED arrival, the first was an analysis on only those patients intubated in the ED. Second, as dexmedetomidine use in the ICU was associated with lower mortality in the primary analysis, a subgroup analysis was performed that excluded patients who received dexmedetomidine in the ICU. Finally, to investigate whether the administration of midazolam or propofol influenced outcome, several exploratory logistic regression models were run that analyzed these agents with the variables included in the original multivariable model.
Results
Population Description
A total of 1,074 patients were assessed for inclusion and 414 were included in the final study population (Fig 1) . Baseline characteristics are shown in Table 1 .
Medications Administered
Three hundred seventeen patients were intubated in the ED. The majority underwent paralysis for rapidsequence intubation with succinylcholine or rocuronium and induction with etomidate or ketamine (e- Table 1 ).
Analgesic and sedative drugs administered in the ED are presented in Table 2 Process of care variables IV fluids in ED 1 (0.5-2.5) 1 (0-2.9) 1 (0.5-2.5) .647
(Continued) (31.6%). The remainder of the drugs given for sedation and analgesia in the ICU are presented in e- Table 2 .
Exposures and Outcomes
The median ED RASS level was -3.0 (-4.0 to -2.0), and deep sedation was observed in 244 patients (64.0%) ( Table 2 ). The median RASS in the ICU was -3 (-4 to -2) at 24 hours and -2 (-3 to -1) at 48 hours (e- Table 2 ).
The primary outcome of hospital mortality occurred in 60 patients (14.5%). The ED RASS was deeper in patients who died (-4 [-4 to -3]) compared with those who survived to hospital discharge (-3 [-4 to -2]) (P < .001) ( Table 2) . Table 3 displays the multivariable logistic regression model with hospital mortality as the dependent variable. After adjusting for all identified significant confounders, a deeper ED RASS was associated with mortality (aOR, 0.77; 95% CI, 0.54-0.94).
Compared with patients who were not deeply sedated in the ED, those who were deeply sedated experienced fewer ventilator-, ICU-, and hospital-free days (e- Table 3 ). There also appeared to be improved clinical outcomes associated with incrementally lighter ED sedation depth (Fig 2) .
When analysis was restricted to patients mechanically ventilated for trauma (aOR, 0.39; 95% CI, 0.20-0.78), and medical indications (aOR, 0.79; 95% CI, 0.63-0.99), deeper ED sedation remained associated with higher mortality. In the subgroup analysis excluding patients who did not receive analgosedation in the ED (aOR, 0.77; 95% CI, 0.62-0.95), deeper ED sedation was again associated with higher mortality. In the post hoc subgroup analyses, deeper ED sedation remained associated with higher mortality in the following groups:
(1) excluding patients given dexmedetomidine in the ICU and (2) patients intubated in the ED (e- Table 4 ). Finally, in the exploratory logistic regression models examining the association between midazolam and propofol with mortality, deeper ED sedation was associated with higher mortality in all models; neither midazolam or propofol was associated with outcome (e- Table 5 ).
Discussion
Mechanically ventilated patients commonly experience pain and anxiety; analgesia and sedation are therefore necessary and patient-centered interventions. 1 Data suggest that optimizing analgosedation delivery and achieving a goal-oriented sedation depth improves outcome. 1,2 Given this fact, postintubation analgesia and sedation management is fundamental for clinicians initiating mechanical ventilation. Although significant clinical data exist regarding analgosedation in the ICU, limited data are devoted to the immediate postintubation period in the ED. This investigation sought to characterize ED sedation practices and assess relationships between ED sedation depth and clinical outcomes. This study's results extend the topic of analgosedation to the ED and have several implications.
Our descriptive data highlight several important aspects of analgosedation in the ED. Mechanically ventilated ED patients are sedated primarily with fentanyl, midazolam, and propofol. This is consistent with ICU-based data, demonstrating that these medications are the most frequent medications used for sedation. 7, 16 The most striking difference between ED and ICU sedation in the current study was the fact that 16.4% of patients received ketamine in the ED, and 31.6% received dexmedetomidine in the ICU. This ketamine use rate is higher than that historically reported in the ICU, and we are unaware of any direct comparative studies involving ketamine vs other agents to improve outcome. 1 Mounting data suggest that dexmedetomidine use is associated with a lower incidence of delirium and a shorter duration of ventilator use compared with benzodiazepines and propofol. [17] [18] [19] In our study, it was also associated with a lower mortality, and its early use in the ICU is currently being investigated in a multicenter randomized trial. 20 However, to our knowledge, there are no ED-based studies examining this agent.
The limited data on ED sedation for mechanically ventilated patients has focused on inadequate postintubation analgosedation, showing that up to 50% of mechanically ventilated ED patients received inadequate analgesia or sedation. [4] [5] [6] In the current study, although the rate was much lower, a significant minority of patients received no analgesia (14.3%) or sedation (15.2%) in the ED. However, there are multiple clinical factors that may influence the decision to withhold or minimize analgosedation; it is possible that patients were sedated prior to ED arrival or medications were withheld for clinical reasons (ie, neurologic examination). It is also possible that these patients did not show signs of discomfort clinically; therefore, withholding analgesia and sedation could have been the appropriate approach.
Contrary to previous literature, our data highlight the frequency with which patients are deeply sedated in the ED (64.0%), with a median RASS of -3.0 (-4.0 to -2.0). Prior work has shown that early deep sedation during the first 48 hours of ICU care is common and is a predictor of death and mechanical ventilation duration. 7 Also, there is clear evidence of an excess of oversedation in the ICU that can extend for days; our data suggest that the ED may be the genesis of potential sedation overshoot. 21 Although we cannot comment on whether this sedation depth was clinically warranted in the ED, it seems unlikely that two-thirds of mechanically ventilated ED patients would require deep sedation.
Our most significant finding was the association between deep sedation in the ED and worse clinical Table 2 legend for expansion of other abbreviations. We observed what appears to be incremental improvement in outcome as sedation depth was lightened (Fig 2) , up to a RASS of -2.
Deep sedation also remained associated with mortality across multiple subgroup analyses. Together, these data suggest that targeted sedation in the ED should be investigated further as a means to improve outcome.
Limitations
This is a single-center study and therefore may only reflect local ED sedation practices. Sedation and medication data were obtained retrospectively, leaving the possibility of potential inaccuracies during routine clinical documentation. This may be especially true for the cohort of patients intubated outside our facility. As RASS is highly reproducible during routine care and has been part of local institutional protocols for years, we are assured of some face validity in its accuracy. Also, our subgroup analysis excluding patients not intubated in our ED was consistent with the primary analysis, suggesting against any potential confounding due to medications delivered prior to ED arrival. As a reflection of a lack of standardization in ED analgosedation practices, sedation depth was inconsistently recorded in the ED, necessitating the use of the first ICU RASS as a surrogate. Given the data showing the frequency with which deep sedation can persist for days, we believe it unlikely that sedation depth changed much during the first 3 hours of ICU admission. 21 Also, there is little literature regarding whether ED sedation depth is static or dynamic in nature. It is possible that the documented sedation levels did not comprehensively capture the full spectrum of ED sedation levels. Future prospective studies should rigorously track ED sedation over time. The study design documents associations and cannot establish causality. Deep sedation potentially was a marker of illness severity, clinically warranted or driven by non-sedation-related factors, such as neurologic status. Given our exclusion of patients admitted to a neurologic ICU and those with a primary diagnosis of cardiac arrest, and our subgroup analysis excluding patients not administered sedation in the ED, this seems less likely.
Although not always statistically significant, the more deeply sedated nonsurviving patients received lower doses of some sedative and analgesic drugs. This suggests the presence of potential confounders, such as important patient-level variables (eg, pre-existing delirium or dementia), or medication-level variables (eg, drug-drug interactions) that could not be accounted for in the analysis. As an exploratory cohort study, these results should be viewed as hypothesis generating for future prospective investigations.
Conclusions
Deep sedation is common in mechanically ventilated ED patients and is associated with worse outcome. These data highlight the importance of the early period of mechanical ventilation and suggest that ED-based sedation is a modifiable variable that could be targeted to improve clinical outcomes. 
